In this study, the aroma profiles of Cabernet Sauvignon wines from a new grape growing region, Loess Plateau, China, were established by gas chromatography-olfactometry, gas chromatography-mass spectrometry and sensory analysis. The sensory profiles of wines form five different young vineyards in the Loess Plateau region were obtained by descriptive analysis. Blackcurrant (p < 0.01), pear and dried plum (p < 0.05), mushroom, smoked and green pepper (p < 0.1) had significant differences on the five vineyards. A total of 76 odor-active aroma compounds were identified in the wines, and 45 volatile compounds were selected as those having the greatest impact on the aroma components and these were quantitated by five different methods. In addition, the correlation model of the Loess Plateau region's sensory characteristics and aroma compounds was established by partial least squares regression (PLSR) to determine the influence of various aroma active substances on aroma attributes.
Introduction
Wine aroma, which mainly consists of alcohols, ethers, fatty acids, aldehydes, ketones and terpenes [1] , is a key aspect of wine quality [2] , and is also one of the most influential properties for consumers when buying wine [3] . The aroma is the result of the combined contribution of various volatile compounds and can rarely be attributed to a single, specific component [4] . The volatile compounds have a wide concentration range varying from hundreds of mg/L to the µg/L or ng/L level [5, 6] , but their contribution to the overall wine aroma is not proportional to their content [7] .
Why are there such big differences in the aroma? For young wines, the composition and content of the aroma compounds largely depend on the vineyards, also referred to as the "terroir" [8] . The term "terroir" in French includes such characteristics as soil type, climate (sunlight, temperature and rainfall) and topography [9] . There has been much research demonstrating regional wines typicality. Some authors in Brazil have found that the aroma profiles of Cabernet Sauvignon wines from five vineyards of Santa Catarina State, Brazil, were established using gas chromatography-olfactometry (GC-O). Two wines have totally different aroma characteristics in sensory analysis, one with vegetative characteristics (Saõ Joaquim vineyard) and one with red fruits and jam aromas (Bom Retiro vineyard) [10] . Robinson et al. explored the relationship between the sensory characteristics and wine composition of Cabernet Sauvignon wines in relation to Australian geographical indications [11] .
Another study compared the flavor characteristics of Vidal icewines from China and Canada. The Vidal icewines from China generally had more nut and honey aromas, while the Canadian Vidal icewines had more caramel and rose aromas [12] .
As a rapidly developing wine-making country, China has formed a serious of special grape-growing regions, and has a large consumer population. These grape-growing regions are distributed from east to west, across China with a distance of over 3000 km [13] . In 2017, China consumed 1.79 million kiloliters of wine, which is the fifth highest amount in the world, and produced 1.08 million kiloliters of wine, which is the seventh highest amount in the world (International Organization of Vine and Wine, OIV). The Loess Plateau region is located in the middle reaches of the Chinese Yellow River. As it is easy to form a microclimate in unique plateau areas, this has a great influence on the quality of the grape and the wine. The Loess Plateau region has been recognized as one of the best areas for grape growing in China. Cabernet Sauvignon is the main variety in this region. However, limited information is available on the sensory and chemical composition of the wines there [14] .
Chemical and sensory analyses are powerful tools that permit one to know the flavor of the wines. As is well known, gas chromatography has been extensively applied for measuring volatile components in the aroma of the wine [15] . In addition, GC-O can be considered a useful tool for the identification of the odor-active compounds in wine and a combination between sensory and instrumental analyses [16] [17] [18] . Many methods such as dilution methods and time-intensity methods have been applied to determine the olfactometric indices [19] . While sensory analysis can involve the odorant's synergistic effect, GC-O analysis cannot. It includes the description of the qualitative and quantitative sensory components of wine by a trained panel. Additionally, the compounds in GC-O analysis were significantly separated and concentrated before sniffing, thus differing to the authentic wines. Descriptive analysis (DA) has proven particularly useful in studies of sensory evaluation in wines and can offer a complete description for all the sensory properties of wine [20] .
The aim of this study was to identify the aroma characteristics of Cabernet Sauvignon wines made from five young vineyards of Loess Plateau, which is a new grape growing region of China. The Cabernet Sauvignon wines were analyzed for their olfactory profile and volatile composition by sensory analysis, GC-O and GC-MS analysis. Furthermore, all these sensory attributes were correlated in a partial least squares regression (PLSR) to instrumental-chemical measurements of volatiles, to study the sensory and chemical compounds associated with different wines.
Results and Discussion

Sensory Analyses
The aroma profiles of five different Cabernet Sauvignon wines were described by the sensory panel. A total of 10 aroma descriptors were discussed and confirmed. They were blackcurrant, red fruit, pear, dried plum, flower, mushroom, roast, smoked, green pepper, and pepper. The results of the DA analysis are shown in Figure 1 . As can be seen, blackcurrant is the descriptor in which all the samples scored high. In contrast, there are other descriptors, such as green pepper, pepper, pear and mushroom, for which the five samples reached low scores. The terms smoked, roast, floral, and dried plum reached high scores in some of the samples. Several attributes (red fruit, flower, roast, and pepper) did not show significant p values among the five vineyards. These attributes suggest that these sensory descriptors are the common flavor notes of Cabernet Sauvignon in Loess Plateau, and that there are no significant differences between different vineyards. On the contrary, blackcurrant had a highly significant influence on the five vineyards with a 99% confidence level (p < 0.01) that means blackcurrant made a very different contribution among these vineyards. The Cabernet Sauvignon wines also showed significant differences in the aroma descriptors pear and dried plum (p < 0.05) and mushroom, smoked and green pepper (p < 0.1).
Wines from TYP were associated with more black berry and green notes and less red berry notes, whilst wines from SLP were described as more sweet and ripe and less herbaceous than other vineyards. The Cabernet Sauvignon wines from NT were perceived as closer to the DST Cabernet Sauvignon wines in aroma profile, but somewhat different from them. Compared to other wines in the present study, DST Cabernet Sauvignon wines were described as having less intense fruity, flower and vegetal notes, but higher smoked, roast and pungent notes. The DA Cabernet Sauvignon wines are evaluated had a more smoked and roast aroma.
Chemical Analysis
Olfactometric Data Selection of Cabernet Sauvignon Wines
In this step, three judges who are experienced in GC-O analysis carried out an olfactory evaluation using a three-point scale on the five wines. The data included the chromatographic retention times of odor detections, and odor descriptions and intensities (Table 1) . Following this procedure, a total of 76 aroma compounds were identified in the five Cabernet Sauvignon wines in this study. Among them, the highest Osme value of the aroma compounds was determined for β-damascenone and 2,3-butanedione. β-damascenone exhibited honey and floral odors and 2,3-butanedione presented a butter aroma. Both of these two compounds were previously reported as important odorants in red wines [19] . Four further compounds with Osme values above 2.5 in five wines were identified as 3-Methyl-1-butanol (malt), Ethyl caprylate (orange), 3-(Methylthio)-Propionaldehyde (cooked potato) and Octanoic Acid (cheese). Seven of the 76 odors detected by the judges, were not identified by GC-MS, probably because their concentrations were below the method detection limit. Thirty active odors were common for every wine. Several attributes (red fruit, flower, roast, and pepper) did not show significant p values among the five vineyards. These attributes suggest that these sensory descriptors are the common flavor notes of Cabernet Sauvignon in Loess Plateau, and that there are no significant differences between different vineyards. On the contrary, blackcurrant had a highly significant influence on the five vineyards with a 99% confidence level (p < 0.01) that means blackcurrant made a very different contribution among these vineyards. The Cabernet Sauvignon wines also showed significant differences in the aroma descriptors pear and dried plum (p < 0.05) and mushroom, smoked and green pepper (p < 0.1).
Chemical Analysis
Olfactometric Data Selection of Cabernet Sauvignon Wines
In this step, three judges who are experienced in GC-O analysis carried out an olfactory evaluation using a three-point scale on the five wines. The data included the chromatographic retention times of odor detections, and odor descriptions and intensities (Table 1) . Following this procedure, a total of 76 aroma compounds were identified in the five Cabernet Sauvignon wines in this study. Among them, the highest Osme value of the aroma compounds was determined for β-damascenone and 2,3-butanedione. β-damascenone exhibited honey and floral odors and 2,3-butanedione presented a butter aroma. Both of these two compounds were previously reported as important odorants in red wines [19] . Four further compounds with Osme values above 2.5 in five wines were identified as 3-Methyl-1-butanol (malt), Ethyl caprylate (orange), 3-(Methylthio)-Propionaldehyde (cooked potato) and Octanoic Acid (cheese). Seven of the 76 odors detected by the judges, were not identified by GC-MS, probably because their concentrations were below the method detection limit. Thirty active odors were common for every wine. Volatile thiols are a group of aroma compounds with a significance to wine aroma, particularly Sauvignon Blanc and Cabernet Sauvignon wines, that has been widely studied [1] . Some of the most important of these are 4-Mercapto-4-methylpentan-2-one (4MMP), 3-(Methylthio)-propionaldehyde, 4-Mercapto-4-methyl-2-pentanol (4MMPol), 3-mercaptohexan-1-ol (3MH) and 3-Mercaptohexyl acetate (3MHA), which have aromas described as blackcurrant, grapefruit, passionfruit and boxwood [21] .
A total of 45 aroma compounds with high Osme values (≥1.5) were further quantified. Five different methods were involved in aroma quantitation (Table 2 ). These aroma compounds had more influence on Cabernet Sauvignon wines from the Chinese Loess Plateau region. Currently, no one analytical method can quantify all of the volatile compounds accurately because of the different properties of aroma components. Therefore, five different methods were used for the quantification of these 45 compounds. Table 3 presents the concentration of the 45 aroma active compounds. Data in the table have been arranged into ten chemical families (esters, alcohols, aldehyde, ketones, aromatic compounds, terpenes, sulfide, furan, acids, and pyrazines). Esters and alcohols were the major group of volatile compounds in all the wines, followed by terpenes.
ANOVA was used to determine differences between the regional volatile compounds' concentration analysis, using Duncan with a 95% confidence level (p < 0.05). If the contents of two vineyards marked the same letter in the same row, it suggested that the contents of this compound had no significant difference in the two vineyards. On the other hand, if the contents of two vineyards marked the same letter, it suggested that the contents of this compound had a significant difference with a 95% confidence level (p < 0.05). There were four aroma components of Cabernet Sauvignon wines that had no significant difference in the five vineyards. They were (e)-3-hexen-1-ol, 1-octen-3-one, (e)-nerolidol and 2-methoxy-3-isobutyl pyrazine. 
Multivariate Statistical Analysis
The PLSR has become the most popular multivariate statistical analysis method. It is a useful tool when multicollinearity exists among explanatory variables and when the number of explanatory variables is much larger than the number of observations [22] . PLSR is widely used in the research of wine, such as the relationship between sensory evaluation and flavor substances, the relevance to infrared absorption and sensory analysis, the correlation with convergence and non-volatile components, and the relations between anthocyanins and their color in aqueous solution [23, 24] . Figure 2 shows the chemical and sensory results of the Cabernet Sauvignon wines overlaid over the five different vineyards in Loess Plateau, with the wines projected on to that space.
The PLSR has become the most popular multivariate statistical analysis method. It is a useful tool when multicollinearity exists among explanatory variables and when the number of explanatory variables is much larger than the number of observations [22] . PLSR is widely used in the research of wine, such as the relationship between sensory evaluation and flavor substances, the relevance to infrared absorption and sensory analysis, the correlation with convergence and non-volatile components, and the relations between anthocyanins and their color in aqueous solution [23, 24] . Figure 2 shows the chemical and sensory results of the Cabernet Sauvignon wines overlaid over the five different vineyards in Loess Plateau, with the wines projected on to that space. In this picture, the distance between the variable and the center of the circle shows the interpretive degree of the principal components to the variable. The greater the distance from the center point to the variable, the better the interpretation of the relations between the first two principal components and the explanatory variables. On the contrary, if the variable was near the center of the circle, it meant that much information on the variable was lost to other dimensions and the interpretive degree was low. The distance between the two variables explains the correlation between them. The closer the two variables are, the greater the positive correlation between them. If In this picture, the distance between the variable and the center of the circle shows the interpretive degree of the principal components to the variable. The greater the distance from the center point to the variable, the better the interpretation of the relations between the first two principal components and the explanatory variables. On the contrary, if the variable was near the center of the circle, it meant that much information on the variable was lost to other dimensions and the interpretive degree was low. The distance between the two variables explains the correlation between them. The closer the two variables are, the greater the positive correlation between them. If the variables are in two opposite positions away from the center of the circle, they have negative correlations. If the two variables are in the vertical position, they are not relevant.
The correlation model of the Loess Plateau Cabernet Sauvignon wine region's sensory characteristics and aroma compounds was established to determine the influence of various aroma active substances on aroma attributes, using PLSR. As we can see from Figure 2 , the aroma attributes of blackcurrant and mushroom can be used to distinguish the aroma of TYP and other regions. At the same time, TYP was also well related to 1-octen-3-one, 2-heptanol, 4MMP, 4MMPol and 3-hexen-1-ol, which showed the aroma of mushroom, blackcurrant, boxwood and green grass, respectively. SLP had high correlation with some sweet aromas such as flower and pear. It was also well related to some esters, 3-(methylthio)-propionaldehyde and 2,3-butanedione. Cabernet Sauvignon wines of DA reflected the smell of roast, smoked and pepper more. It had good relevance to benzyl alcohol, benzaldehyde, 3-isobutyl-2-methoxypyrazine (IBMP) and furfural. The red fruit was positively related to some alcohols and esters, as well as terpenes, which displayed fruity and sweet aroma. Octanoic acid was shown in close proximity to the sensory attributes of dried plum. Green pepper was near the center of the circle and IBMP and green pepper were in the vertical position that meant the explanatory relationship of IBMP to green peppers was not good. While, as reported previously, IBMP did not exhibit a direct correlation with the green pepper descriptor, it was involved in a negative relationship with the intensity rating of the bourbon character [25] . The low correlation between IBMP and green pepper character could be explained by a possible masking of IBMP by other components in the wine. PLSR applied to volatile compounds with sensory descriptor datasets showed that some descriptive sensory attributes could be well correlated to chemical profiles.
Materials and Methods
Chemicals
Analytical standards, with at least 97% purity were purchased from Sigma-Aldrich China Co. 
Wine Samples
Wines from the 2015 vintage variety of Cabernet Sauvignon, taken from the following five young vineyards of the Loess Plateau region (named as SLP, TYP, NT, DA and DST) were used for this study. Figure 3 shows the terrain feature of each vineyard.
These five wines were made using the same production process. First, grapes were destemmed, crushed, and transferred to stainless steel containers after harvest. Then, SO 2 (50-60 mg/L) and pectinase (30 mg/L) were added to the musts and the contents were mixed. After 24-h maceration of the musts, dried active yeast (200 mg/L) was added following the commercial specifications. The temperature for alcoholic fermentation condition was 28-30 • C, and the reducing sugar was less than 4 g/L. No malolactic fermentation was induced by all wine samples. After alcohol fermentation finished, the wines were chilled to −4 • C for 7 days, then 30 mg/L of free SO 2 (on average) was added before bottling. All the samples were stored at 20 • C prior to analysis and were analyzed. Table 4 shows the basic index of five wines.
4 g/L. No malolactic fermentation was induced by all wine samples. After alcohol fermentation finished, the wines were chilled to −4 °C for 7 days, then 30 mg/L of free SO2 (on average) was added before bottling. All the samples were stored at 20 °C prior to analysis and were analyzed. Table 4 shows the basic index of five wines. 
Panel Training
Forty subjects from Jiangnan University were recruited and trained. They all take part in wine sensory evaluation studies regularly. For descriptive analysis, 40 assessors experienced with descriptive analysis were screened based on their ability in odor identification, as well as for their cognitive (flavor memory) and descriptive language skills. Twelve assessors from 18 to 27 years old (7 males and 5 females, mean age was 22.5 years) were selected for the final test session based on their performance for providing correct answers in screening tests. Lexicons and reference standards for descriptive analysis were developed. Assessors were trained for the identification and intensive evaluation of the selected descriptors with reference standards. Panelists completed a 90-h training session in descriptive analysis and in the sensory evaluation of Cabernet Sauvignon wine. The assessors' performance was assessed by PanelCheck (ver. 1.4.0., Nofima, Norway) in terms of their ability in consistency, stability and repeatability for giving scores before sample evaluation. The attributes and their associated reference standards are listed (Table 5 ). 
Sensory Evaluation: Descriptive Analysis
All the wines were served at 20 • C in standard International Organization for Standardization (ISO) wine glasses, with watch glass lids. Double-filtered water and plain water crackers were used as palate cleansers. Subjects received 20 mL of wine for each testing. Samples were served in a randomized presentation order. Evaluations were conducted in a sensory laboratory equipped with 12 booths for individual work, under the control as required by the international standard (ISO 8589). The wine-structure descriptors were rated in the same order (0-9) for all participants. Samples were analyzed in triplicate. The subjects evaluated the samples with a 5-min break after each sample during the session. The coefficient of variance found for each subject for different replicates of each group was less than 10%.
Identification of Chemical Compounds by GC-O and GC-MS
A volume of 100-mL samples was added to the saturated sodium chloride, then extractions were taken three times as 20 mL, 10 mL and 10 mL volumes. Extracts were cooled to −20 • C to let the frozen water separate from the organic phase, and anhydrous sodium sulphate was added. The organic phase was concentrated to a final volume of 250 µL using a nitrogen stream. Agilent 6890N GC coupled to an Agilent 5975 mass selective detector (MSD) and an olfactometer were used for GC-O and GC-MS analysis.
The extraction (1 µL) was injected in a splitless mode. A DB-FFAP column (60 m × 0.25 mm i.d., 0.25 µm film thickness, J&W Scientific) was used. Helium was used as a carrier gas at a constant flow rate of 2 mL/min. The injector was held at 250 • C. The column oven temperature was set at 50 • C for 2 min, then ramped to 230 • C at a rate of 6 • C/min, and held for 15 min. The column flow was split at the end of the capillary; one was directed to a heated olfactometer (Olfactory Detector Port ODP 2, Gerstel Inc., Mülheim, Ruhr, Germany), whereas the other one was directed to the MSD. The temperature of the olfactory port was 280 • C. The MS was operated in an electron impact mode (EI) at an ionization energy of 70 eV, and the ion source temperature was set at 230 • C. Full-scan acquisition was used in the 30−350 amu range of masses.
Three trained subjects from the Laboratory of Brewing Microbiology and Applied Enzymology at Jiangnan University were recruited to perform GC-O analysis. They were trained for 6 months in GC-O using 54 kinds of "Le nez du vin" (Jean Lenoir, Provence, France). The descriptors of odor were determined in the training session. During a GC run described above, subjects placed their nose close to the sniffing port, responded to the aroma intensity of the stimulus, and recorded the aroma descriptor and intensity value as well as retention time. A scale ranging from 0 to 3 (0 = none; 1 = weak, hardly recognizable note; 2 = clear but not intense note; and 3 = intense note) was used for intensity rating. The sniffing time of each run was not more than 30 min. The value for aroma intensity was averaged with the three panelists.
Each odor-active compound was identified by a comparison of mass spectra with its NIST 05 a.L database (Agilent Technologies Inc., Santa Clara, CA, USA), by comparison of its odors, retention index (RI), and mass spectra with its pure standard. The retention index of each odorant was calculated from the retention time of n-alkanes (C 5 -C 30 ), according to a modified Kovats method [28] .
3.6. Quantitative Analysis 3.6.1. Headspace Solid-Phase Microextraction-Gas Chromatography-Mass Spectrometry (HS-SPME-GC-MS)
A 50/30-µm DVB/CAR/PDMS fiber (Supelco, Inc., Bellefonte, PA, USA) was used for aroma extraction. The internal standards used were: 2-Octanol (100 mg/L, IS1) and Methyl Hexanoate (91.80 mg/L, IS2). A total of 8-mL samples with a 5-µL internal standard were added into a 20-mL glass vial with a silicon septum and saturated with 3 g sodium chloride. After incubating at 60 • C for 15 min, it was extracted for 30 min under stirring at the same temperature. Then, the fiber was inserted into the injection port of GC for a 5 min desorption. The injector and oven temperatures were as the same as those used for GC-MS analysis described previously. All samples were performed in triplicate. Selective ion monitoring (SIM) mass spectrometry was used to quantitate compounds.
HS-SPME-GC-MS after Derivatization
Quantitation of carbonyl compounds after derivatization was performed by GC−MS on a DB-FFAP column (60 m × 0.25 mm i.d., 0.25 µm film thickness, J&W Scientific) modified from literature. A sample of 8 mL saturated with NaCl was placed in a 20-mL standard headspace vial. A total of 10 µL of p-Fluorobenzaldehyde (internal standard, 100 mg/L) and 300 µL of PFBHA (20 g/L in water) were added. A 50/30-µm DVB/CAR/PDMS fiber (Supelco, Inc.,Bellefonte, PA) was used. The sample was equilibrated at 65 • C for 10 min, then extracted for 45 min under stirring at 250 rpm and desorption at 250 • C for 300 s. Sample was injected in a splitless mode. Carrier gas for the column was helium at a constant flow rate of 1 mL/min. Temperature for the injector was 280 • C. The oven temperature was 50 • C for 2 min and was increased to 100 • C at 6 • C/min for 0.1 min, then was increased to 160 • C at a rate of 2 • C/min for 0.1 min, and finally at 5 • C/min to 230 • C for 10 min. The electron impact energy was 70 eV with SIM. The ion monitored for p-Fluorobenzaldehyde after derivatization was m/z 319. The standard curve, LOD and recovery of carbonyl compounds, were measured by the method mentioned above.
3.6.3. Liquid-Liquid Microextraction-Gas Chromatography-Mass Spectrometry (LLME-GC-MS) Volatile acids were quantified by LLME-GC-MS. Due to the poor adsorption of DVB/CAR/PDMS fiber to strong polar acids, the LLME was used as a separate extraction of these acids. A total of 18 mL diluted liquor sample with 6 µL 2,2-Dimethyl Propanoic Acid (3.40 mg/L, IS4) was saturated with NaCl, then mixed for 3 min with 1 mL redistilled diethyl ether. After extraction, a 1 µL extract was injected into the injection port of the GC for analysis.
Stable Isotope Dilution Analysis (SIDA)
The quantification of 3-Isobutyl-2-Methoxypyrazine (IBMP) and 3-Isopropyl-2-Methoxypyrazine (IPMP) was performed according to a published method [21] . In brief, 200 mL of wine (PH = 5) with dichloromethane was concentrated down to 250 µL. After extraction, 1 µ L of extract was injected into the injection port of the GC for analysis. The use of 2-Methoxy-3-( 
